Using simulated data, we tested whether our method would successfully detect the direction of information flow and identify a relationship between two simulated time series. As an experimental data application, we applied this method to investigate CM interaction during a right wrist extension task. Results: Results of simulation tests show that we can correctly detect the direction of information flow and the relationship between two time series without a prior knowledge of the dynamics of their generating systems. As experimental results, we found both linear and nonlinear information flow from contralateral sensorimotor cortex to muscle. Conclusions: Our method is a viable model-free measure of temporally varying causal interactions that is capable of distinguishing linear and nonlinear information flow. With respect to experimental application, there are both linear and nonlinear information flows in CM interaction from contralateral sensorimotor cortex to muscle, which may reflect the motor command from brain to muscle. Significance: This is the first study to show separate linear and nonlinear information flow in CM interaction.
Introduction
Multi-variate time series analyses have been extensively used to investigate the relationship between simultaneously recorded neurophysiological signals, and to assess the interdependence between signals, giving insights into the function of the systems that produce them rather than features of a single signal itself (Pereda et al., 2005) . Cross-correlation or coherence functions provide information on the linear correlation between two signals as a function of time or frequency. Cross-correlation was the most popular method to investigate the similarity and the time delay between two electroencephalogram (EEG) signals before the coherence method was introduced in the early 1960s (Shaw and Ongley, 1972) . Coherence has been highly successful as a methodology for assessing functional coupling, information interaction, and temporal coordination between cortical regions in normal subjects (Gerloff et al., 1998; Leocani et al., 1997; Nagamine et al., 1996) and clinical populations (Holschneider et al., 1999; Thatcher, 1994a,b) . The coherence method has also been adopted to characterize synchronization between oscillatory cortical motor and muscle activity confined to the beta frequency range (Kristeva et al., 2007; Mima et al., 2000) . Although these methods give useful information in the study of interdependence between two signals, they have the intrinsic limitation that they cannot give the direction of information flow. Furthermore, they are linear methods, which mean that they mainly measure linear connectivity, although neural connectivity may be nonlinear. Thus linear methods are insufficient for the study of complex neurophysiological data (Lopes da Silva, 1991; Popivanov and Dushanova, 1999) .
Nonlinear multivariate techniques mainly result from recent advances in information theory (Kraskov et al., 2004; Schreiber, 2000) . Their aim is to address whether there is any common infor- 
